Relativistic electron beam propagation in a conducting tube filled with low pressure air is investigated. Filling pressures from 20 to 320 mTorr were used. For all of the pressures in this range a significant portion of the beam current was transported over a 1 m tube length. Detailed emittance analysis characterizing beam propagation in the low pressure air is presented.
Ion Focusing Regime Propagation
Ion focusing regime propagation (IFR) involves relativistic electron beam propagation in gas at low (generally subTorr) pressures. The beam is injected into the low pressure gas which is ionized by electron impact ionization. Simultaneously as a plasma channel is created, at the beam front secondary electrons are ejected by the heavier relativistic beam electrons resulting in a plasma channel with a net positive charge. It is required that these secondary electrons do not create additional ionization as they are ejected. The ions in the plasma channel produce a force which opposes that of the beam's space chargehence the terminology ion focusing regime propagation. Additional to these electrostatic forces is the self magnetic pinching force. Radial force balance may be obtained in the IFR allowing stable propagation. A more complete description of IFR propagation may be found in the literature. 12
Some comments on the parameter regime required for IFR propagation are appropriate. There must be a sufficient ion density for a significant focusing force. This sets a lower bound on the fractional charge neutralization f (_ ni/nb) such that f > 1/y2. The upper bound on f (i.e. f < 1) is due to the requirement that the beam density must exceed the electron plasma density to avoid the electron-electron two stream instability. These requirements on f may be rewritten as n. < nb < y2n. For (2) 
where < > denotes the average over the four dimensional trace space distribution function. The emittance meter used in this work consists of a series of slits oriented parallel to the y axis. An electron beam sensitive film is used as a detector to record the profile of the sheet beamlets. This film is scanned with a microdensitometer using a small aperture (pinhole) so that only particles impinging on the detector at the y=O axis are recorded. The beam is first sampled through the slits of the emittance meter, and then through the pinhole of the microdensitometer, therefore this method of analysis is equivalent to the slit-pinhole emittance meter. By analysis of the microdensitometer scan we determine g(x,y=O), a (x,y=O), and x' (x,y=O). Using the assumptions made, f4(x,y,x',y') is determined over all space, and the rms emittance is calculated numerically using Eq. (3). Details of the emittance mask are also shown in Fig. 1 . A 2-mil thick radiachromic film was used as the detector. 4 After exposure to one shot, the film was scanned with a microdensitometer using a resolution spot size of 0.9 x 0.02 mm. Results at different axial positions and pressures are given in Fig. 2 . The rms emittance was calculated by the method previously described and the results appear in Table I . The injected beam is characterized by an emittance of 0.55 cm-rad. This value increases by a factor of 1.5 to 2 after a short propagation distance in gas, with smaller fluctuations occuring during later propagation. The emittance increase is attributed to scattering of the beam by the gas. 5 Emittance contour plots for two shots are given in Fig. 3 . The skew contours of the vacuum shot show the effect of space charge divergence, and the upright contours of the 80 mTorr shot show the effect of ion focusi ng.
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